In this work, the inversion scheme was used to determine the potential energy surfaces of five polar refrigerant mixtures. The systems studied here are R123-R134a, R123-R142b, R123-R152a, R142b-R134a, and R142b-R152a 
Introduction
The knowledge of transport coefficients is important in many fields of fundamental science and engineering. It is not practically possible to measure the transport properties for all fluids, especially under extreme temperature conditions. Therefore, theoretical predictions have been utilized to supplement experimental data where measurements are difficult. From the statistical mechanics point of view, the macroscopic properties of fluids are determined by interactions between molecules. The evaluations of transport coefficients will be straightforward if the interaction potentials are already known. Basically, there are three major ways to obtain the potential energy surface: theoretical calculations, experimental measurements, and methods combining both approaches. The ab initio method can determine the potential energy without the application of experimental data. However, the extensive quantum-mechanical computations have limited its extension to larger molecules with more electrons [1] .
On the other hand, since there are quantitative relationships between them, the information of intermolecular potentials can also be extracted from measurements on transport properties. The common way is to perform a cut-and-try procedure [2] . Potential parameters, like the hard sphere diameter, are varied until the smallest discrepancy is achieved between experimental data and the calculated values. In this approach, the optimal potential from one property, say diffusion coefficient, may fail to produce another property, say viscosity coefficient, with the desired accuracy. This shortcoming has resulted in a search for more effective solutions. Among these efforts, a semi-empirical inversion scheme was first proposed in 1970s [3] . It employs transport property data to obtain the interaction potential without knowing its function form and parameters in advance. Later, the inversion method was further improved by including some new correlations of reduced collision integrals [4] [5] [6] , and has recently been applied to a wide variety of diatomic and polyatomic gases [7] [8] [9] [10] [11] [12] [13] .
In previous work, we have studied the interaction potentials of two polyatomic gas mixtures containing CO2 [14, 15] and one refrigerant R142b [16] by the inversion technique. Refrigerant mixtures are considerably involved in refrigeration, air-conditioning, and heat pump units [17] . In addition, they are used in many industrial processes as good blowing agents [18] . Hence, there are great demands for the transport properties of refrigerant mixtures in different temperature conditions. This work is concerned with five practically important refrigerant mixtures: R123-R134a, R123-R142b, R123-R152a, R142b-R134a, and R142b-R152a. The novelty of the present investigation is to extend the inversion scheme to polar refrigerant mixtures. The effective and isotropic potentials of the refrigerant mixtures were determined from a corresponding-states correlation of collision integrals [19] . The new invert potentials were utilized to calculate the low-density transport properties of refrigerant mixtures by the classical kinetic theory. The viscosity coefficient, binary diffusion coefficient, and thermal diffusion factor were computed over a wide temperature range from 313.15-973.15 K.
Model and methods

Inversion method
In the classical kinetic theory of gases, the collision integrals Ω (l,s) , containing the information on transport coefficients, can be expressed as a function of the temperature T [20] ,
in which l and s are the weighting factors for molecular collisions. The cross sections Q (l) are determined over wide ranges of the collision energy E,
where b is the impact parameter. The scattering angle θ depends upon the two-body collisions between molecules and are defined as,
in which V(r) is the potential energy surface and r the separation between molecules. The distance r0 represents the closest approach of the colliding molecules and can be solved from the condition,
In the inversion scheme, an arbitrary potential model, such as the Lennard-Jones 12-6, can be used as the initial function form to evaluate the interaction potential by [21] ,
where ε/k is the well depth of the potential, σ the zero location of the potential, and G(T * ) the inversion parameters. A superscript * denotes that the collision integrals are scaled by σ as,
in which the reduced temperature 
Transport coefficient
For a binary mixture of gases 1 and 2, the transport coefficients are evaluated according to [4] , 
where ηmix is the viscosity coefficient, D12 the binary diffusion coefficient, αT the thermal diffusion factor, k the Boltzmann constant (1.380658×10 -23 J.K -1 ), m the molecular mass, P the pressure of one atmosphere (101.3 kPa), and x the mole fraction. The subscript ij represents the quantities from the interaction potential between molecules i and j. Δ is the second-order correction to the binary diffusion coefficient. For the thermal diffusion factor, the factor κ2 is negligible in the calculations due to its small magnitude. The quantities Xη, Yη, and Zη can be evaluated by, 
The formulas for S2 and Q2 can be gained from S1 and Q1 by exchange of subscripts. The quantities A * -C * , which characterize the interactions between like and unlike pairs, are defined as the ratios of different collision integrals,
Results and discussion
The inversion scheme was utilized to determine the potential energy surfaces of five refrigerant mixtures: R123-R134a, R123-R142b, R123-R152a, R142b-R134a, and R142b-R152a. Najafi and his co-workers [19] developed an accurate collision integral correlation with only two adjustable parameters. The wide-ranging equation of Najafi et al. was adopted in the inversion procedure to improve the quality of interaction potential. The details of the new potentials were provided in a tabulated form in the supplementary material. The transport coefficients of the refrigerant mixtures were calculated from the new invert potentials by the kinetic theory of gases. The viscosity coefficient, binary diffusion coefficient, and thermal diffusion factor were predicted at low density for the temperature range from 313.15-973.15 K.
A comprehensive survey was undertaken for the transport property data of the refrigerant mixtures. Since no direct measurements are available in the literature, the comparisons with experimental data were not included for the considered refrigerant mixtures. As a result, we employed the viscosity data recommended by NIST [22] to check the quality of the present calculated values. In fig. 2 The transport coefficients computed from the invert potentials were correlated as a function of temperature for the refrigerants mixtures at equimolar ratios. We used the nonlinear least-squares technique to fit the calculated values to the following equations,
where η0 = 1 μPa·s, T0 = 1 K and D0 = 1 10 -4 ·m 2 ·s -1 . The coefficients of eqs. (20)- (22) were given in tabs. 1-3 over the temperature range from 313.15-973.15 K. 
Conclusion
In this work, the isotropic potentials of five polar refrigerant mixtures were determined by the inversion method from a collision integral correlation of Najafi et al. [19] . The systems considered here are R123-R134a, R123-R142b, R123-R152a, R142b-R134a, and R142b-R152a. The new invert potentials were used to calculate the transport coefficients of the refrigerants mixtures by the classical kinetic theory of dilute gases. The viscosity coefficient, binary diffusion coefficient, and thermal diffusion factor were computed for the temperature range of 313.15-973.15 K. The NIST data over a limited temperature range was compared with the present calculated values to assess the quality of this work. The mean absolute deviations are 0.11% for R123-R134a, 0.55% for R142b-R134a, and 0.33% for R142b-R152a. The maximum deviations are 0.18% for R123-R134a, 0.81% for R142b-R134a, and 0.69% for R142b-R152a. The good agreement shows that the transport property values of this work are accurate enough to supplement experimental data for refrigerant mixtures. The calculated values at equimolar concentrations were also correlated as a function of temperature to satisfy the needs of different areas.
